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 SUBSONIC MACH AND REYNOIDS NUMBER EFFECTS ON THE SURFACE PRESSURES,
GAP FLOW, PRESSURE RECOVERY, AND DRAG OF A
NONROTATING NACA 1-SERIES E—TYPE COWLING
AT AN ANGIE OF ATTACK OF O°

By Robert M. Reynolds and Robert I. Sammonds
SUMMARY

A wind~tumnel investigation has been made to eveluate the effects
of Mach number and Reynolds number on the characteristics of the inbter—
nal and external flow about an E—~type cowling suitable for a turbine-
propeller power-plent installstion. Surface-pressure distributioms,
cowl—gap flow, total—-pressure recoveries, and momentum losses in the
covwl wake were meesured for the model at an engle of attack of 0° with
the cowling stationary, thet is, not rotating. With the inlet-—welocity
ratio varied between 0.06 and 0.78, date were obtained for a Reynolds
number of 1.80 million through s Mach nunber range of 0.23 to 0.88 and
for Reynolds mumbers of 5.20 and 8.10 million at a Mach number of 0.23.

For a given inlet—velocity retio, increesing either the Mach number
or the Reynolds number resulted in only small changes 1n the pressure
recoveries in the duct and in the external-drag coefflcient of the cowl.
The measured critical Mech nunber of the cowl was 0.83 for inlet—velocity
ratios of 0.3 or grester.

For inlet—velocity ratlios less than sbout 0.15, negative pressure—
coefficient peeks cccurred nesr the leading edge of the cowl. Generally,
increasing the inlet—velocity ratio resulted in more positive pressure
coefPicisents on the externsl surface of the cowl, lower ram-recovery

retios in the duct, and decreasing external—drasg coefficlents for the
cowl.

The cowl—gap leakage air flow had little effect on the extermal
pressure distributions. The total—pressure losses through the cowl gap
were small.
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Average ram-recovery ratios at the compressor inlet were 0.98 or
higher throughout the Mach number range for inlet—velocity ratios of 0.k
or less.

INTRODPUCTION

A growing need for debe concerning the high-—speed characteristics
of air inlets suitable for the turbine—propeller type of power—plant
Installaetion has recently led to incrsased emphasis on research in this
field. Omne of the principal problems encountered in the design of a
power—plant installation utilizing a turbine engine 1g the efficient
handling of the large quantitlies of air required by the engine. The
NACA E—~type cowling is one of the inlet types under considerstion for
obtalining efficient air induction for the turbine—~propeller power plant.

The F—type cowling, as described in reference 1, is a cowling
designed to rotate with s propeller end consists of an external cowling
and an internsl spinmer which are interconnected by streamline fairings
for the propeller blade shanks. Specifilc information regerding the
serodynamic characteristics and design of the E—type cowling is rather
limited. The most recent Investigation for which published dats are
avaeilable is an experimental and analytical study of the pressure—rise
and leskage~loss characteristics of a rotating cowling (reference 1).
Also avaellable are the results of tests to determine the effect of
the cowling gap on the pressures avallable for coocling in the E~type
cowling (reference 2). Both of these reports present data only for low
speeds. Information regarding the characteristics of opeh~nose inlet
configurations, applicaeble in the design of E~type cowlings, is more
complete., Reference 3 is a report of. . an investigation st low test speeds
of a group of RACA l-—series cowlings with and without spinners, and
includes design charts and the procedure for the selection of cowlings
for specific high-spesd requirements. References 4 and 5 report on
Investigations of open—nose Inlets at high speeds.

The present tests were conducted in the Ames l2-foot pressure wind
tunnel to ascerteln the subsonlc Mach and Reynolds number effects on the
characteristics of the internsl and external flow about a representative
turbine-propeller installation utlllzing an RACA E-type cowling. The
tests were made with the cowling stationary, that is, nonrotsting, and
et sn angle of attack of 0°.
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SYMBOIS

cross—sectional area in a plane perpendicular to the model
center line, square feet

speed of sound, feet per second

orifice coefficient for the cowl gep
=)
aQ

maximim diameter of cowl, feet

external—drag coefflicient (

polnt—-drag coefficlent

external drag, pounds

total pressure, pounds per square foot

ram-recovery ratio

-
: v
Mach number (;)

critical Mach mumber, the free—stream Mech pumber et which sonilc
velocity is first attained on the external surface of the cowl

mass rate of internal flow (pAV}, slugs per second

P1A1Va
mase—flow ratioc —_—
e ( poAlvo>

pressure coefficient (EQ_P-Q>
o

critical pressure coefficient, corresponding to loecsl Mach num—
ber of 1.0

static pressure, pounds per square foot

ov=
dynamic pressure < ) pounds per square foobt
Reynolds mumber <_p_1£)

radius from cowling center line, inches
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v velocity, feet per second
Wa weight rate of flow, pounds per second
X total length of any component of the model, such as the cowl,'

spinner, or propeller-blade-~shank fairing, inches

x distence from any reference, such as the leading edge of the
cowl, spinner, or propeller-blade-shank fairing, measured
elong the longitudinasl axis, inches

p mass density of alr, slugs per cubic foot
K viscosity of air, slugs per foot-egecond
w anguler station, clockwise from top center when viewed looking

downstresm, degrees

Subscripts

The numerical subscripts refer to stations shown in figure 1.

o free stream

3 cowling inlet

2 cowl—gap exit

8 ram-recovery reke location

4 compressor—inlet rake locatian
5 drag-survey rake location

b propeller—blade—~shank fairing
c cowl

8 spinner

MOIET,

The principal model dimensions and the veriation of the duct area
with longitudinal station are shown in figure 1. A photograph of the
model installed in the 12-foot pressure wind tunnel is shown in Tigure 2,
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Coordinates for the internsl and external contours are listed in teble I.
Design of the Model

The model investigated was a 1/56cale representstion of pertinent
pertions of a turbine—propeller installietion utilizing an NACA E-type
cowling.

The follewing conditions were esssumed for the full-scale design:
an opersting altitude of 35,000 feet, a flight Mach number of 0.80
(critical Mach number of the cowl to be 0.83), and a turbine engine of
the 5,000 to 6,000 horsepower clasg at design altitude and speed, requir—
ing air at the rate of 4O pounds per secord and a cowling diameter of
70 inches.

The main features of the full-scale design between the cowling
inlet and the compressor inlet of the turbine engine were represented in
the model. The first step in the full-scale design was the selection of
the smallest HACA I-series spimmer which would enclose a representative
propeller hub. The spinner chosen, following the designation of refer—
ence 3, was the NACA 1—41.43-042.86 spimmer. Then, with an allowance
for air flow through the cowl gap &t a rate equel to 17 percent of the
flow through the inlet, an RACA 1-—series open—nose cowling was selected
for the flight Mach mumber of 0.80, the critical Mach mumber of 0.83,
and a design inlet—yelocity ratio of 0.3. From the design charts of
reference 3, the cowling chosen, with an NACA I-series inmer-lip fairing,
was the NACA 1-51-117 cowl. Propeller—blade—shank fairings having
RACA 0030—3k.5 sections (reference 6}, an angle of attack of 0%, no
twist, and no fillets at the spinmer or cowling junctures were selected
for representetlve propeller—shank clearance requirements. The design
of the cowl gap was based upon the recommendations of reference 2, with
en assumed full-scele clearance gap of 0.375 inches between the roteting
and stationary portions of the cowl. 8ix strubts, equally spaced at
angular intervals of 60° starting frem top cernter, were included for
accessaory—drive housings and structural support of the spinner. These
struts spamed the duct radially at a2 station upstream of the compressor
Inlet and were Paired into the duct comtours with generous fillets. The
midspan portions of the struts had NACA 0020-6L4 sections. The relatively
long duct between the cowl gap and the compressor inlst was included in
the original design to permit the adaptation of the model to an E—type
cowling for a dual—rotation propeller.
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Instrumentation of the Model

Flush orifices were instelled in the model at the locatlions listed
in table II. In addition to these, nine flush orifices, equally spaced
at angular intervals of 40° starting 15° from top cemter, were installed
in the immer surface of the cowl gap 9.85 inches from the leading edge
of the cowl (station 2, Fig. 1).

Three total-pressure tubes were located at station 2. These were
0.040 inch in dismster, equally spaced at angular intervals of 120°
starting 75° from top center, and approximately alined with the mean
line of the cowl gap.

Survey rekes were located at statlions 3, 4, and 5 (fig. 1).

The ram-recovery rake at station 3 contained s total of %2 total—
pressure tubes. A group of 21 tubes (seven tubes spaced at angular
intervals of 6.75° at each of three radii) was centered behind the
propeller-blade-shank fairing 315° from the top center. Also, seven
tubes were distributed radially across the duct at each of three loca—
tions, 0°, 90°, and 180° from the top center.

The rake at the compressor inlet, station 4, was made up of 15
static— and 35 total—pressure tubes. The 35 total—pressure tubes were
distributed in the duct in a pattern such that each was located at the
center of an area equsl to 1/35 of the total duct aree 1n order to per—
mit the use of an integrating manometer in setting the mass rate of flow
in the duct. A drawing of the rake pattern at station 4 is shown in

figure 3.

A drag-survey rake containing 11 static— and 42 total—pressure
tubes was located at station 5 on the uppermost surface of the model.

TESTS

Surface—pressure distributions, cowl-gap flow, total-pressure
recoveries, and momentum losses in the cowl wake were measured for the
model at an angle of attack of 0° with the cowling stationary. The cowl
was positioned so that the four propeller—blade—shank fairings were 459,
135°, 225%, and 315° from top center, respectively. All pressure meas—
urements were Iindicated on multitube manometers and recorded simultan—
eously by photographlic meens.

With the inlet—velocity ratio varied over the maximm range attein—
able by mesns of the throttle meer the duct exit (fig. 1), data were
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obtained for the Pollowing conditions: (1) for e Reynolds number (based
on the maximum diemeter of the cowl) of 1.80 miliion through s Mach num—
ber range of 0.23 to 0.88, and (2) for Reynolds mumbers of 5.20 and 8.10
miliion and & Mach number of 0.23. The tests were conducted in two
parts: (1) with the rakes installed at statioms 2, L, and 5, and (2)
with the rakes installed at stations 2, 3, and k.

CORRECTIORS

The method presented in referernce 7 was used to estimate the tunmnel
constriction effects on the flow at the model. The megnitude of the
corrections applied tc the Mach nunmber and to the dynamic pressure is
indicated in the following tabulation:

Corrected qqg

Corrected Uncorrected
Mach nuwber Mach number Uncorrected q,
10.88 0.866 1.018
.86 848 1.015
.S .830 1.01k
.82 .812 1.012
.80 <793 1.011
.75 .TH5 1.009
. TO .696 1.007
.60 .598 1.006
.23 .230 1.004

Prior to the installation of the model in the tunnel, the rake at
station 4 was calibrated against a standard A.S.M.E. orifice meter
through the range of mass rate of flow anblcipated for the model tests.
A correction to the mass rate of flow indicated by the rake at station 4
was made on the basis of this calibration.

RESULTS AND DISCUSSION

Pressure—Loefficlent Distributions

Pressure coefficlents on the cowl.— The distributions of the pres—
sure cosfficient on the external surface of the cowl sre shown in
figure 4 for the range of Mach numbers and inlet—veloclity ratios of the
tests. The minimm inlet—welocity ratio was attained when the movable

iThe measured choking Mach number of the wind tummel with the model
installed was 0.92.

L 4
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throttle was in a closed position (fig. 1). Since the throttle made an
imperfect seal with the afterbody of the model, permitting some leakage
through the throttle, the minimm inlet—veloccity ratio resulted from the
sum of the flow through the throttle and the flow through the cowl gap.
The maximum inlet—velocity ratio was attained when the ratio of the
pressure at the inlet to the pressure at the exit of the duct was a max-
imam or when choking cccurred at the compressor inlet where the duct
area was & minimm,

The compressibility effects on the distribution of pressure coeffi-—
clent on the cowl, for various inlet—velocity ratios, may be seen in
figure 4. In general, increasing the Mach number resulted in more posi—
tive pressure coefficlents over approximately the forwerd 10 percent of
the cowl and more negative pressure coefficients on the rear 80 percent
of its length. For inlet—velocity ratios less than about 0.15, negative
pressure—coefficlient peaks occurred on the forward portion of the cowl.
At and above the design inlet—welocity ratio of 0.3 the pressure distri-—
butions over the forward portion of the cowl were generally favorable.

Pigure 4 also shows a negative pressure—coefficlent peak on the aft
portion of the cowl between 0.7 and 0.8 of the cowl length behind the
nose, which is in general agreement with the data presented for the
NACA 1-50-100 inlet in references 4 and 5, figures 7 and 6(e) respec—
tively. The similarity ir both shape and magnitude of the pressure—
coefficient distributions reported herein to the pressure—coefficient
distributions reported in references 4 and 5 for the NACA 1-50-100 inlet
(no gap) for comparable Mach numbers and inlet—yelocity ratios indicates
that the leakage air flow through the cowl gep had little effect on the
external pressure—cocafflcient distributions.

For the range of inlet-velocity ratios of the test, the data of
figures 4(1), 5(a), and 5(b) show no significant effects of Reynolde num-
ber on the pressure—coefficlent distributions on the extermal surface of
the cowl for the range of Reynolds numbers between 1.8 and 8.1 million.

Pressure coefficlents on the imner lip of the cowl.— The pressure—
coefficient distributions on the inmer lip of the cowl are shown in
figures 6 and 7. In general, increasing Mach number resulted in more
positive pressure coefficients for the lower inlet—veloclty ratiocs.
Increasing the inlet—velocity ratio above about 0.35 resulted in the for—
mation of pressure—coefficient peaks near 0.025 of the cowl length,
Except at 2 Mach nunber of 0.23 and excluding the data for longitudinal
station O, the inlet—veloclty ratios of these tests were not large enough
to produce statlc pressures inside the cowl less than the free—stream
static pressure.
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Tigures 6(1), 7(a), and 7(b) show little change in the pressure—
coefficlent distributions due to. increasing the Reynolds number from 1.8
to 8.1 million.

Pressure coefficients on the spinner.— The pressure—cosfficilent

distributions on the spinner are presented in figures 8 amd 9. For
inlet—velocity ratios greater than about 0.3, the distributions show
favorsble pressure gradients up to sbout 0.7 of the spimner length with
pressure recovery occurring behind this station. For the test condi—
tions covered, the minimm stetic pressure on the spinner was always
greater than the free—stream static pressure. Comparison of the date of
figure 8 for equal inlet—velocity ratios indicates little effect of com—
pressibility on the distributions of the pressure coefficlent, and
similarly, figures 8(1), 9(a), and 9(b) show little change in the
pressure—coefflecient distributions due to an incresse of the Reynolds
mmber from 1.8 to 8.1 milliom.

Pressure coefficients on the propeller—blajde—shenk falrings.—
Figures 10 and 11 show the pressure—coefficient distributions at radii
of 3 and 4 inches on the propeller—blade—shank fairings. For inlet—
velocity ratios greater than about 0.3, the fairing pressure gredlents
were favorsble up to sbout 0.3 of the falring chord length, with pressure
recovery occurring behind this station. It 1s of interest to note that
the favorable pressure gradients on the spirmer and propeller-blade—shank
fairing terminsbted at approximately the same longitudinal position, since
0.3 of the propeller-—blade—shank fairing length and 0.7 of the spimmer
length corresponded to distances of 4.9 and 4.7 inches, respectively,
from the leading edge of the cowl. The static pressure on the falring
was nowhere less than the free—strsam static pressure. The pressure—
coefPicient distribubtions on the Pailrings were little affected by either
increasing Mach mumber or increasing Reynoclds number.

Criticel Mach Number

The variation with Mach mumber of the minimum pressure coefficlents
on the cowl, from cross plots of the data of figure 4, is shown in
figure 12 for constant inlet—veloclity ratios from 0.10 to 0.50, and the
resulting vaeriation of the critical Mach mumber with inlet-velocity
ratio is shown in figure 13. The critical Mach mumber of 0.83 at an
inlet—velocity ratic of 0.3 is the value predicted for the cowl from ths
deslgn chart (£ig. 53) of reference 3. The critical Mach number wes
. 1ittle affected by increasing the inlet—velocity ratioc sbove 0.25.
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Cowl-Gep Flow

TIhe E—type cowling reguires that more ailr be taken in through the
inlet than is needed for the engine in order to make up for the leak
flow through the cleaerance gap between the rotating and stationsry parts
of the cowl. The present tests provide informetion regesrding the magni-—
tude of the gap flow and its effects on the extermal and internal flows
for this specific gap design.

The variation with inlet—velocity ratio of the average pressure
coefficients measured in the cowl-gep exit, station 2, is shown in
figure 14 for the range of Mach numbers of the tests. Figure 15 shows
the variation with inlet—wvelocity ratio of the ratioc of the average total
pressure in the cowl—gap exit to the everage totel pressure inside the
cowl at station 3. As shown in figure 15, the maximum total—pressure
loss through the cowl gap for high Mach numbers and inlet—velocity ratios
was only of the order of 7 percent, and for the design condition (a Mach
number of 0.8 and an inlet—wvelocity ratio of 0.3) the cowl—-gap total—
pressure loss wes less than 3 percent. Since the total—pressure losses
through the cowl gap were small and the leskage alr flow through the
cowl gap had little effect on the extermal pressure—coefficient distri-—
butions, as previously discussed, the gap design is considered satis—
factory.

An orifice coefficlent for the cowl gap may be expressed by the
relationship ’

¢ = Wap

ghz & EB(Ha—Pc)

which is derived from the method discussed in referemnce 1. In this
expression, the quantities represented by the symbols are as follows:

Woo weight rate of flow through the cowl gap measured at station 2

g standsrd acceleration of gravity

Ao cross—sectional ares of the cowl gep at station 2

I average of the mass density of the air on the cowling surface
at the gap exlt and the mgss density of the alr inside the
cowl Just upstream of the cowl gap

Hy average total pressure at station 3
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Pe local static pressure on the cowling surface at the gap exlt
(As used herein, p; 1s obtained from figure 4 as the average
of the pressures measured at the orifices just upstream and

downstream of the gap exit.)
The variation of the measured cowl-—gap welght flow with the computed

function ghs & Z0(Hz~pe) 18 shown in figure 16 for the range of Mach
nurbers of the tests. The mumerical average of the orifice coefficients
for the cowl gap, obtained from the data of Ffigure 16 and shown therein
as a dashed line, is 0.68. Thie value is In good agreement with the
value presented in reference 1.

The ratic of the weight rate of flow through the cowl gap (Way,) to
the welght rate of flow through the inlet (Wal) is shown in figure 17
as a function of the inlet—velocity retic for the range of Mach numbers
of the tests. In general, the portion of the inlet flow discharged
through the cowl gep steadily increased with decreasing inlet—veloclty
ratio until, at an inlet—velocity ratio of about 0.06, there was no flow
through the compressor inlet and =211 the air entering the inlet was dis—
charged through the cowl gap. For inlet—velocity ratios less than
gbout 0.7, lncreasing the Mach number resulted in a reduction in this
weight—Plow ratio. For the design Mach number of 0.80 and an inlet—
velocity retio of 0.3, the weight—flow ratio was sbout 0.19 which com—
pares favorably with the estimated weight—flow ratio allowed for in the
selection of the cowling.

Ram Recovery

As used throughout this report, the averasge recovery at a given
radius of the duct is the numerical average of the recoveries at the
tubes of the survey rake at that radius, and the average recovery at a
glven station in the duct is the numerical average of the recoveries at
all the tubes of the rake, Because of the particular spacing of the
totel—pressure tubes in the compressor—inlet rake, the numerical avereges
of the recoveries at all the tubes of the rake were weighted aversages
based on area.

Ram recovery at station 3.— Figure 18 shows the effects of the
variation of Mach number and inlet-wvelocity ratio on the radial distri—
bution of the pressure recovery at station 3, which is downstream of the
propeller-blade—shank fairings and the cowl gap. In general, the ram—
recovery ratio decreased with increasing inlet—velocity ratio and was
highest near the outer portion of the duct, possibly due to the diver—
sion of & portion of the flow through the cowl gap upstream of the survey
station. For a given Mach number and inlet—velocity ratio » the ram—
recovery ratlio distributions between radii of 3.3 and 4.2 inches were

—
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nearly the seme at the top, bottom, and side of the duct. However,
differences in the distrlbution at top, side, and bottom were evident
near the inner surface of the duct and possibly may be attributed to
local surface discontinuities at adjolning parts of the spinner Jjust
upstream of the rake. Figures 19 and 20 show the cilrcumferential varia—
tion of the ramrecovery ratio at three radii (fig. 19) and an average of
the three (fig. 20) for Mach numbers of 0.23, 0.80, and 0.88. The ram—
recovery ratios shown in figures 19 and 20 for anguler stations of 270°
and 360° are the averages of the ramrecovery ratios at the top, side,
and bottom of the duct obtained from the date of figure 18 for the three
radli noted in figures 19 and 20. The lasrge losses in the central region
of the quedrent occurred in the wake of the propeller—blade—shank falr—
ing, but these losses would be more evenly distributed around the duct
for a rotating cowling at the design condition.

The separete effects of varistion of the inlet—welocity ratio and
Mach number on the ram recovery at station 3 are summarized in figures 21
and 22, respectively. The changes in the ram-recovery ratios resulted
almost entirely from variation of the inlet-wveloclty ratio. TFor inlet—

velocity ratios up to 0.6, the ram-recovery ratios at station 3 were
about 0.98.

Ram recovery at the compressor inlet.— Figure 23 shows the typlcal
circunferential varlation of the ram-recovery ratio for one radius at the
compressor inlet. The lower ram—recovery ratios occurred in the wakes
from the propeller-blade—shank falrings and the strut fairings. The
offects of variation of the inlet—velocity ratio on the average ram—
recovery retios at three radii at the compressor inlet are summarilzed in
Pigure 24, The low pressure recovery evident near the central body sur—
face was apparently dus to the boundary—layer flow in the duct.

Figure 25 further summerizes the combined effects of variation of the
inlet—velocity retlo and Mech number on the pressure recoveries at the
compressor inlet. For all three radii (figs. 25(a), 25(b), emd 25(c}),
varistion of the inlet~velocity ratio again had a greater effect on the
average ram-recovery ratios than did an increase in Mach number.

Figure 25(d) presents the average ram—recovery ratios at the com—
pressor inlet. In general, for inlet—velocity ratios of 0.4 or less the
average ram-recovery ratlo at the compressor inlet exceeded 0.98 for the
range of Mach numbers of the test. TFor the design condition, an inlet~
velocity ratio of 0.3 at a Mach number of 0.8, the average ram—recovery
ratio at the compressor inlet was 0.99, '

Figure 26 shows the effects of Reynolds mumber in the renge between
1.8 and 8.1 million on the average ram-recovery ratios at the compressor
inlet. Increasing the Reynolds number resulted inm higher ram-recovery
ratios throughout the test renge of inlet—velocity ratios.

op—
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Contours of the total pressure at the compressor inlet of ths model
are shown in figure 27 for the design Mach mumber and inlet—welocity
ratio. Additionsl values of the deviation of total pressure from aver—
age values at three radiil at the compressor inlet are tabulated in
table IIT for various inlet—velocity ratios at the three Mach numbers
compared throughout this report.

s .~ Trend lines connecting the average ram—recovery ratios at
the inlet ;where an average ram—recovery ratio of 1.00 is assumed),
station 3, and the compressor inlet are shown in figure 28 for Mach num—
bers of 0.88, 0.80, and 0.23. These lines merely provide an indication
of the variation of the aversge ramrecovery ratio with increasing dis—
tance along the duct and are not msant to represent the absolute distri—
bution of recovery along the duct. The average ram recovery decreased
with increasing distance from the inlet, as would be expected, except
Por inlet—velocity ratios less than sbout 0.25 at a Mach number of 0.23
where the indicated change in recovery between stations 3 and L is
within the experimental accurscy of the measuremsents at this Mach mmmber.

Wake—Survey Drag

Figure 29 presents a typlecal radial veriation of the point—drag
coefficient calculated by the method discussed in reference 8 from the
local momentum defect in the flow at the tubes of the drag—survey rake
at station 5 (fig. 1). The variation with inlet—velocity ratio of the
external—drag coefficient is shown in figure 30, and the compressibllity
effects on the extermal—drag coefficients are summerized in figure 31
Tor constant values of inlet—veloeity ratio.

The increase in drag with decreasing inlet—velocity ratio through—
out the Mach number range is believed to result from the formation of
negative pressure—cocefficient peaks on the cowl and from the discharge
of low—energy air from the cowl gap.

The variation of the external—drag coefficient with inlet-velocity
ratio at Reynolds numbers of 5,200,000 arnd 8,100,000 is shown in
figure 32, and the effect of the Reynolds number on the drag for = con—
stant Mach nunber is shown in figure 33. These dete show only small
chenges in extermal drag with variastion of the Inlet—velocity -ratio as
the Reynolds number was increased sbove 1.8 million. The gradual
decrease of drag with increasing Reynolds number may be attributed to a
reduction of the skin-friction—drag coefficient with increasing Reynolds
numbexr.,

—- %
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CORCLUDING REMARKS

The following remerks may be made regerding an Investigation of the
effects of Mach number and Reynolde number on the characteristics of the
internal and external flow about an E—type ccwling at an angle of attack
of 0° and with the cowl stationary.

For a given inlet—welocity ratio, increasing either the Mach number
or the Reynolds number in the ranges reported herein resulted in only
small changes in the pressure recoveries in the duct ard in the externsl—
drag coefficient of the cowl.

For inlet-velocity ratios greater than about 0.30, increassing the
Mech number resulted in a slight decrease in the minimum pressure coef-—
ficient on the cowl for Mach numbers up to about 0.7, with a rather
rapid decrease as the Mach nunber was further increased to 0.88. The
measured criticel Mech number of the cowl increased from 0.72 for en
inlet—velocity ratio of 0.1 to 0.83 for inlet-wvelocity ratios of 0.3 and
above.

Significant changes in the characteristice of the flow about the
cowl occurred with variation of the inlet—velocity retio. QGenerally,
increasing the inlet—velocilty ratio resulted in more positive pressure
coefficients on the external surface of the cowl, lower ram—recovery
ratios in the duct, and decreasing extermal—drag coefflclents for the
cowl. For inlet—velocity ratios less than sbout 0.15, negative pressure—
coefficient peaks occurred near the leading edge of the cowl. For an
inlet velocity ratio of sbout 0.06, no flow entered the compressor inlet
and all the air entering the cowl inlet was discharged through the cowl

gap.

The cowl—-gap leakage alr flow had little effect on the external
pressure—coefficient dlstributions. The total-pressure losses through
the cowl gap were small,

Aversage ram—recovery ratios at the compressor inlet were 0.98 or
higher throughout the Mach number range for inlet—velocity ratiocs of 0.4
or less.

Ames Aeronauticel Laboratory,
Nationel Advisory Committee for Aeronsutics,
Moffett Fileld, Calif.
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TABIE T.— E-TYPE COWLING COORDINATES

[Coordinstes in inches]

er, 2
sPATAE Vi BRERBEBRERIEE I v it
m3m..mh..m_________0 ‘ [N T N Y T T N T T I O Y T OO T T I O B |
wW_hf ]
| |
el [iriiiin111185888888888888888383 888RRER3 SRR
_m.w.m PPl i1l ldddacddadadddddadaaaoa oo me oo
| - -
cbafs |11 pagamgsmREReEgl il
mmmm.m 1o ' "AerMadddaQa@@ L LI LT e b r ittty bt g d
— ]
R I L Lt E S CEEEEELEEL R L EELE LR FLCED
mmm &&&&&&&b’.%bﬁhkhh555.4\4‘4.4.4kh.4.4h..4.4.4.4.4.4.4.4.4.4h.hh,.u.3333333

~ : -
517 |BEEORER2 A28 nn RN RuREIRE 8RR RE8 [ 111
m.un_/.c“m 3.41....4&(455555555566666"6.&&% ..uo./m,m&,m,o.&&,m&qn?.._ [ I O O O B
A

o

P RgReReuasRERIAsARLLIAARERARERTARARIANAAEAY
.m_n.mm,c o 1122333hk55667788890muuumBB..m._..m._,b_bm,mmm_,m_, A8

A
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TABIE II.— STATIC CRIFICE LOCATIONS FOR
THE E-TYFE COWLING
[In inches from leading edge of cowl]
Orifliqzzz n Orifices in Orifices in prg;eiﬁ::s—bi:de—
1-51-117 surface of spimnsr shank fairing
cowl surface cowl inner 1ip, surface, sure
s ace,
in vertical in vertical in vertical on uppermost
plane of plane of plane of surface of
symetry on symmetry on Symetry on the fairing at
uppermost uppermost uppermost 315° Prom the
surface surface surface top center®
0 0.16 0.50 3.25
.16 .32 .80 3.39
«32 6L 1.10 3.53
6L .96 1.70 3.81
.96 1.28 2.30 k.09
1.28 1.60 2.80 k.37
1,60 2.40 3.70 k.o3
2.40 N k.20 5.9
3.20 -_——— k.70 6.05
k.80 -——— 5.30 6.61
6.40 - 5.90 T17
8.00 —— — 6-50 7-73
11.20 -——— T.10 8.29
12.80 - 7.70 8.57
1k.%0 - 8.30 _—
16.38 —_—— 8.90 —-———

rourteen orifices at each of two radii, 3 and L inches.

é
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TARIE ITI.— THE VARTATTON OF TOTAL FRESSURE IN THE DUCT AT THE
COMPRESSOR INIET (STATION 4). R, 1,800,000
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TABIE ITI.—~ CONCIUDED

Mg, 0.83
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Figure 2.— The model NACA 1-series E—type cowling mounted in the l2—foot
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Top center /line

QOuter surface of duct

Figure 3.— The location and designation of the total- pressure

tubes at the compressor inlet (station 4).
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Pressure coefficient, P
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Pressure coefficient, P
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Pressure coefficient, P
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Pressure coefficient, P
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Pressure coefficient, P
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